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U.S. Chemical Safety and Hazard Investigation Board

The mission ofthe U.S. Chemical Safety and Hazard Investigation Board (CSB) is to
drive chemical safety change through independent investigations
to protect people and the environment.

The CSB is an independent federal agency charged with investigitegnining and reporting to the
public in writing the facts, conditions, andaimstances and the cause or probable cause of any
accidentathemicalrelease resulting in a fatality, serious injury, or substantial property damages.

The CSB issues safety recommendations based on data and analysis from investigations and safety
studies The CSB advocates for these changes to prevent the likelihood or minimize the consequences
of accidental chemical releases

More information about the CS8dCSB products can be accessednaiv.csb.govor obtained by
contacting:

U.S. Chemical Safety and Hazard Investigation Board
1750 Pennsylvania Av&lW, Suite 910

Washington, DC 20006

(202) 2617600

TheCSBwascreated by the Clean Air Act Amendments of 1990, and the CSHmstasinded and
commenced operations in 199%e CSB is not an enforcement or regulatory bbbty part of the
conclusions, findings, or recommendations of the Board relating to any accidental release or the
investigation thereof shall be admitted as ewitk or used in any action or suit for damages arising out
of any matter mentioned in such report. 42 U.S.C. 8 7412(r)(6)(G).
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Executive Summary

On April 26, 2018at approximatel@:58a.m.,an explosion and subsequent fire occurrddats ky Ener gy 0 ¢
Superior Refining Company L IHGskyrSaperiomRefinedy j TheincBenp er i or |,
occurred during planned maintenance event, called a turnarowmitidl approximately 80®00 peopleon site

including employees and contractods. a result of the explosion and fire, @8inery and contract workers

were injured angought medical attention, including fp&oplewho sufferedOccupational Safety and Health
Administration(FOSHAO) recordable injuriedn addition, the chemical disaster causpgroximately$550

million in property damagedusky Superior Refinergeported that it released 39,000 pounds of a flammable
hydrocarbon vapor mixture during the event.

The explosion occurred while the refinery was shutting dowftuits catalytic cracking fFCC0) unit for the

turnaround Two FCC unit vesselshéprimary absorber anthe sponge absorbegexplodedat approximately

9:58a.m, shaking buildings up to a mile away gmpellingover 100metal fragmentssome several feet long,

up to 1200 feet from their original locatidnto the surrounding operating asExplosion debris punctured a

nearby asphalt tardt the refineryspilling hot asphalkhat fowedo ut si de of the tankds co
Approximately 17,000 barrels of hot asphalt spread through the refinery and igripga@timatelyl2:00

p.m, causing fires to erugt multiple operating areas of the refinefhe City of Superior evacuat@gb07

residents withir2 miles north 3 miles to the east and west, al@imiles south of the refineryoTprotect its

residents,te City of Duluth Minnesotajssued a sheltdn-place advisory at 8:00 p.nihefires were

extinguished before midnight. The sheliteiplace and evacuation orders were lifted at 6:00 a.m. thedagxt

In addition to concerns about smoke from the fires at the refineritii of Superior evacuation was based on

the potenti al ri sk of a release of hiHudkySupetiooxi ¢ hy
Refineryand used in the r efAlhoehthetHs stdtdge tank wag hoadamaged b uni t .
debris from the explosion and no release of HF occurred, the asphalt tank punctured by the explosion debris was

| ocated farther away from the point of the expl osic
explosion could have punctured th& Btorage tanlgiven itscloserproximity to the point of explosioh

The Superior Fire Departmeiie City of SuperiortheU.S. Coast Guard, thg.S. Environmental Protection
Agency(AEPAD), and the Wisconsin Department of Natural Resourc&@sWD N fiegpgnded to the incident.
Additionally, OSHA and the U.S. Chemical Safeind Hazard Investigatiddoard iCSB0) investigated the
accident.

aThe incident occurred on the day shift. The refinery woikedo 12-hour shifts, a day shift and a night shift.

b Husky Superior Refineryeported that the flammable mixture contaimeethaneethanegthylene, propane, propylene, butane,
isobutanel-butene, Zbutenecis, 2-butenetrans,pentaneand isopentane.

“TheFCCprocess described in this investigat i of®SM)8&tsa ncdoavred ealn b yt hOeS
Risk Managerant Plan fiRMP0) Rule.

YHF is a highly toxic chemical that can fatally damage major internal organs if contacted through bfeéijing

€The CSB extensively addressed issues associated with facilities with HF alkylatios uni i n ¢ l-midd sndy ifimeiadent s, i n
report on the 2019 explosion and fires at the Philadelphia Energy Solutions rEfsiEry
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Safety Issues
The CSBOs i nvestfollgnngsafetpissuiedent i fi ed t he
1. Transient Operation Safeguards

At the time of the incidentlusky Superior Refinerwas shutting down the FCC unit, a transient operation
mode.Transient operatiorsrea grouping of operating modesuch as shutdowns, startups, standby, and
emergenciesyhere a process @hanging oveand is not irits normal operatiomode Transient operations can
pose unique hazards thmtly notoccurduring normajprocesoperations.

During an FCC unit shdbwn, it is critical to separatair fromhydrocarbongo prevent an explosive mixtyre
because unlike most refinery operations, an FCC unit processes both air and flammable hydrocarbons inside
interconnected process equipmenctreasing the likelihood of an explosidrhis separatiofs typically
achievedusingFCC technologyspecific safeguards. Most of these safeguards &irernot implementear

not effectiveat Husky Superior Refinergluring its April 26, 2018FCC unit shutdownThis report discusses the
following safeguards

1 Reactor stearbarrier: Husky Superior Refinerglid not establish or maintaareactor steam barrier
between air and hydrocart®during the shutdowrBy controlling the steam flow into the reactor
during a shutdown, the FCC reactor can be maintained at a highererbssboththe air sideandthe
hydrocarbon side of the procesmsd keep the air and hydrocarbons separétedbing so, the reactor
can serve as a fAsteam barrierdo to help prevent
hydrocarbons.

1 Main column gagurge: Husky Superior Refinerglid not properly purge the main column overhead
receiverduring the shutdowto remove oxygen from the systeBy adding a continual supply of non
condensable gas to the main colymhis safeguard helps sweaip out of the system to prevent the
potential hazard of accumulatiigmmable concentrations okygen within this hydrocarbefilled
equipment.

9 Catalyst slide valveddusky Superior Refinergelied entirely orcatalystslidevalves to keep the air and
hydrocarbon systems separhtiiring the shutdowr-CC catalyst slide valves are known in most of the
refining industry asnsufficientsafeguards to stop all flobetween the air and hydrocarbon systems
because they are not dgsed to act as positive isolation devicksaddition, eéspitetheirample
physical size and the robust thicknessheir metal componentgne of the slide valvdsetween the
regenerator and the reacaiHusky Superior Refinerlgad worn from five yes of operation. As a
result, even though refinery operators properly closed this thlwe/alve hacgrodedandprovided an
open path thatllowed a large flow of air to enter the reactor and migrate into the hydroei@iedn
equipmentT h e r e procese haza@ assessmsamd layer of protection analysis syudid not
identify that the slide valveslonewere not adequate safeguardgiteventan incident of this
magnitude.

HadHusky Superior Refinerimplemented the safeguards above, the incident could have been presénted.
the safeguards discusseduld have required adequately trained operators followitegghnically accurate
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written operating procedute shut down the FCC ur(itliscussed furter in the following safety issuedh

general, most safeguards necessary for safe transient FCC unit opeaegipnocedurbased and rely heavily

on operator action®decause not every action can be automated during arsii@dbwn Theseprocedural
sdeguardffer weakerprotectioncomparedvith engineered safeguards such cases, hands operator

training, such as drills and simulators, is crucial for hazardous operations that are controlled primarily by
procedural safeguards, such as transiel@ B@erationln addition, thepetroleum refining industry should

continue tadesign andmplements af eguar ds t hat are hi gtoenproveprocéeshe A hi
safety in FCC units during transient operation.

2. Process Knowledge

Husky SuperioRefinerg s F CC t-gpeclimpootessdknowledge was safficientto safely shutlown
theFCCunitfor a turnaroundT h e r e émployeasid ac adequately understaodknow how to
effectively controtheF CC uni t 6 s t r an s Aseamesultldupke Superiar Refinerwas noa r d s .

awarethatit¢§ CC unit shutdown procedure was not aligned w
been in placand provided to the refinesince the unit wadesigned in 1960~or examplegontraryto the
technob gy | i guBameewhiclorequired pressure in the reactor to be higher than in the regenitor

r ef i shatdoywiprocedure instructed operatorgdimthe opposite antaintain the regeneratat a higher
pressure than the reactor, which drove air into process equipment that contained flammableantreaked
the dangerous conditions that enabled the explosion to.occur

Formuch ofHusky Superior Refinelys hi st or y, i tmsstlyinbdiseandwithminimale was
engagement with other refinerid®h i | e key i ndividuals attended the |
individual training did not establish sufficient knowledge or competency within Husky Superior Refinery to
preventthe April 2018 incidentHusky Superior Refinelys management encouraged i nq
industry eventsbutsuch participation was not mandatdryaddition,Husky Superior Refineys use of
externaltechnical experts was limitedédos sessi ng the FCC unités perfor man
AlthoughHusky Superior Refinersequired itsoperations departmetu reviewand recertiy its operating

procedures annuallfjusky Superior Refinerglid notpeiform a technicateviewof its FCC unit operating

procedures witlits process engineerthe licensor, or outside consultants for at |@&sgears prior to the

incident and possibly since the unit was commissioned around H@{a multidisciplinary team reviewed the
operatingprocedues, with guidance from subject matter experthe technical errors and omissions could have

been identified and resolved to match the process technology information provided by the licensor, and the
explosion could have been prevented.

3. Process Safety Maagement Systems

O S H ARraxess Safety Managemé¢riSMo Btandarda n d  t h RiskiMBnagemment PlgnRMPO Rule
require facilities likeHusky Superior Refinerto implementprocessafetymanagement systents identify,

aThe National Institute for Occupational Safety and He@itH@SH) defi nes the hierarchy of control
actions will best control exposures [to hazards i reletelef wor kpl
actions to reduce or remove hazards. The preferred order of action based on general effectiveness is: 1. Eliminatitutjdh; Subs
Engineering controls; 4. Administrative controls; and 5. Personal protective equipment (PPE). Usiegaittisyhcan lower worker
exposures and r edu c[@9] Procedkral safeguardisifall tndestheacategarynof administrative cdbgofs 10]
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evaluate, and contrdieir process hazard$his report discusselefollowing elements oHusky Superior
Refinenyd process safety management systématcontributedo the incident

1 Process safety informatiortusky Superior Refinerglid not maintairs o me of t he FCC 1| i c
critical safety technology as part of its process safety informétidrP $dckayewhich provides the
fundamental basis for identifying and evaluating process hazzsdsntial information describing how
toshutdownan FCCui t safely was not i aperatingpracedaresgratess nt ot
hazard analysié i P H Anal pperatotraining material.

9 Operating procedureddusky Superior Refinetys FCC wunit shutdown procedu
instructions for siely conducting activities consistent with tR&L In addition,Husky Superior
Refinerydid notidentify thatrecentchanges to theperating procedurthat weredesignedo minimize
venting to the atmosphere during this shutdaalong withthe absence of steps to pumegenout of
the system, made it even more likéhatoxygenwould accumulate in the FCC unis a result, during
the April 2018 FCC unit shutdownseof the FCC unid most recenshutdown procedurereated
dangerous conditions that led to the explosion.

1 Process hazard analysistusky Superior Refinefys F C BHAteamsdid not specifically evaluate
t he hazards of fnooktlecenshutdgwn pricedure @ dthemvise ugetasnethodology
that enhanatidentification oftransient operations hazards. As a result, the refinery did not identify,
analyze, and control transient operation hazards that led to the explosion.

1 Operator training:Husky Superior Refine s oper at or training program
operators to shut down the unit safetyespond to abnormal situations propefiiie lack of known
FCCrelatael safety concepts inthree f i rvittenytréiring manual, combined with the lack of trainer
gualifications and hanelsn practice opportunities, led to poor operator training and contributed to the
incident

4. Industry Knowledge and Guidance

Husky Superior Refinerincident occurred lesidanoneyear after the CSB released its investigation of another
FCC unit transient operation explosion in California. In 2015, an explosion occurred in the ExxonMobil
Torrance, California refinery while workers were attempting to isolate equipment fdrathded maintenance
while the FCC unit was in an idled mode of operation. Preparations for the maintenance activity caused a
pressure deviation that disturbed the reactor steam halt@ring flammablénydrocarbon to backflow from

the main columrthrough the regeneratoandinto the electrostatic precipitatofifSR), a pollution control

device where it ignited and exploded

After the CSB released iEsxxonMobil Torrance Refinery investigatioeport anda safetyvideoin 2017, the

American Fuel andé®t r o c he mi ¢ a | fARBMD)assacatiometpeddissémingtehelessons from

the ExxonMobil Torrance Refineryncidentthroughits industryconference later that yedbespite these

educatioml efforts, Husky Superior Refinergmployeesvere not aware of or did not learn lessons from the
ExxonMobil Torrance Refinery incidei a way that could have helpdtemto preventthe April 2018

incident The workforce appeared to understand that flammable hydrocarbons had flowed fEomah®dil
TorranceRe f i neryds main column into the regenerator and
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not recognize that the revedsair flowing into hydrocarbon systems downstream of the main c@uwas
also possible. In additioemployes responsible foHusky Superior RefinerffCC unitdid notdiscuss or
appear to understand that the failure of the reactor steam barrier was a caugecabriivdobil Torrance
Refineryexplosion A recent industry survey covering FCC operating practioggesis that similar process
knowledge gaps may exist at other refineries.

FCC technologys developed and licensed by more than six companies, eaclswittn designs and
configurations. Furthermoreprtions ofmanyolder FCC units in the Unite@tateshave been revamped by
multiple technology licensor€urrently, there is no industpublicationthat establishesommonbasicprocess
safety expectations f@ll FCC unis. In addition, FCC process safety messages from publicly available industry
publications are inconsistent. Masfinery technologyextbooks do not adequately cover FCC unit process
hazards or critical safety learnings from past FCC unit incid@otprevent future chemical disasters, the

refining industry must addresise FCC it process safety knowledge gaps that may still existhatrfacilities.

5. Brittle Fracture During Extreme Events

The primary absorber and sponge absorber veissitle Husky Superior Refinery FCC ufailed by brittle
fracture(shatterindike breakingglass) which sentmore than a hundred piecesnaétal debris throughout the
refinery, striking workers and operating equipment. These vessels were constriiceedroerican Society of
Testing and MaAR2RamA20] gratleSsTeds) Wwhich ame longer recommended for new
equipmentHad the vessels been constructed néwergradeof steelwith better toughness properti¢ksey
should have ruptured by ductile fractytearing opetike a zipper or fish mouthyith a reduced impact ahe
suroundingarea

6. Emergency Preparedness

The explosion debris struck an upper portion of an asphalt tank, which caused asphalt to spill outside the
containment areandinto the refinery. The likely ignition sourt¢katignitedthe asphalivas pyrophoric

mateial inside the storage tank that smoldered when expogdbd &ir that entereithrough the punctured tank
wall. Husky Superior Refinergould not prevent the hot asphalt from igniting due to the unexpected extent of
the spill, competing priorities of responding to the FCC unit explosion, and uncelpirgfinery employees
about how to properly mitigate a large area of spilledipnitableasphalt.

Cause

The CSB determinetthatHusky Superior Refinergxplosion, which occurred during the shutdown of the FCC

unit, was caused by inadvertently directing air inside the regenerator through the reactor, and the main column,
and then into the gas concentration unit. As the air continued flowing into thergantration unit, oxygen
accumulated and formed a flammable mixture inside the primary and sponge absorbers. The oxygen also reacted
with existing pyrophoric material inside this equipment, creating the ignition source for the exftigioa

1).

The failure to control thair flow during the shutdown was the resultfsky Superior Refinefys def i ci enc
in FCC unit process knowledgdoutcritical FCCunit transent operation safeguartisat could have prevented
the inadvertent mixing of air and hydrocarbons during a shutdblese safeguards includstablishinga
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reactor steam barri¢éo separate the air from the rest of the hydrocafiled equipmentnd purging the main
columnto the flare systerwith a noncondensable gas to prevent oxygen accumulafioese vital FCC unit
safeguards are generally known and broadly applied within the refining industry. Not applying these safeguards
allowedoxygento enter and accumulate in process equiproentainingflammable material, which ignited and
exploded Husky Superior Refinergiso failed to ensure the integrity of its FCC unit slide valeesise during
transient operatiarA severely erodedide valve contributed to the incident by allowing more air to pass from

the regenerator into the reactor.

Husky Superior Refinerglid not effectively implement process safety management systems, which also

contributed to the incidentheseneffective maagement systemiscludedHusky Superior Refinelys pr oc e s s
safety informatiowhichdi d not i nclude the FCC technology I icen
analyses that did not effectively identify or control hazards inh@rdf€C unit transienbperation, operating

procedures thaimitted key stepdacked clear instructionandwerenot technically evaluated, and an operator

training program that did nefffectively prepare the operators to shut down the FCC unit safely.

The process vesselsattexploded were constructed from a grade of steel that was susceptible to brittle fracture,
contributing to the severity of the incident. The force of the explosion shattesedstieelessels and sent large

metal fragments throughout the refinery, afievhich struck and punctured the nearby asphalt tank. Had the

process vessels been made ofiore ductilesteel, the explosion would more likdtave tornopen (fish

mouthed) the vessels with fewer, if any, dangerous metal projectiles. Also contribatihg severity of the
incident was the fire that resul ted hotigotableasphalt r e f i n e
spill.

Flue Gas

Main Column
Overhead
Receiver

Gas
Concentration
Unit

Main Column
Lower pressure
than Reactor

Regenerator
Higherpressurs
than Reactor

Reactor
Lower pressure
than Regenerator

Wet Gas
Compressor

Air Blower

Legend:

Mostly air ]

Steam Water |
| Muaostly steam |

[ Mosthy hydrocarbon |

Figurel. Air flow through the FCC unit that caused the explosion. (Credit: CSB)
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Recommendations
To CenovusSuperior Refinery

2018-02-1-WI-R1

Establishsafeguard$o prevent explosionm the FCC unitluring transient operation (including startup,
shutdown, standby, and emergency procedules)rporate these safeguards into written operating procedures.
At a minimumestablistthe following specific safeguards:

a) Implementation of the reactor steam bEtror a similar inert gas flow, to maintain an inert barrier at an
elevated pressure between the main column (containing hydrocarbon) and the regenerator (containing
air);

b) Purging the main column with a n@ondensable gas as needed to prevent a darsggcoumulation of
oxygen in the main column overhead receiver;

¢) Monitoring to ensure that there is a sufficient ftmmdensable gas purge of the main column to prevent
a dangerous accumulation of oxygen in the main column overhead receiver (either timextigh d
measurement of the oxygen concentration and/or through engineering calculation);

d) Monitoring of critical operating parameters for flows, pressures, pressure differences, and catalyst
levels;

e) Documentation of consequences of deviating from the transiemation safe operatitignits and of
predetermined corrective actions; and

f) Inclusion of the above items in the appropriate FCC operator training curricula.

201802-1-WI-R2

Based on licensor input and good industry practices, determiaeghe r opr i at e point (s) i
shutdown procedures to shut down all wet gas compressor(s). Incorporate this information into all FCC unit
shutdown procedures and operator training material.

2018-02-1-WI-R3

Develop and implement a slide valve medbahintegrity program that addresses erosion and ensures proper
functioning of the slide valves during a shutdoWwhe program must include, at a minimum:

a) A slide valve mechanical integrity stand&ndtdefines monitoring and inspection requirements,hwit
acceptance criterjaequired for the safe operation of the FCC unit during transient operation (such as a
startup, shutdown, standby, and emergency).

b) Monitoring that includes process data analysis and mechanical preventive activities to evaluate the
mechanical condition of the slide valves during the operation of the FCC unit between turnarounds;

c) Quarterly presentations of process data and mechanical preventive maintenance data to refinery
operations management and maintenance management to driveisigndesuch as shortening the
turnaround cycle and/or planning a maintenance outage;

d) During turnarounds and other potential slide valve maintenance outages, evaluate the adequacy of the
slide valve mechanical integrity program for the safe operatioredf@C unit during transient
operation. If the inspection demonstrates unsuccessful performance, make appropriate corrections.
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During the next major FCC unit turnaround at Cenovus Superior Refinery, demonstrate that the slide valve
mechanical program is agieate for the safe operation of the FCC unit during transient operation. If the

inspection demonstrates unsuccessful performance, make appropriate corrections to the slide valve mechanical
integrity program.

2018-02-1-WI-R4

Develop emergency procedures fesponding to a loss of catalyst slide valve function (for example, when it
leaks excessively or fails to close on demand).

2018-02-1-WI-R5

Develop guidance faanalyzingoperating procedurds improvetransient operation hazaesaluations during
PHAs Refer to section Chapter 9.1 in tBEPSpublicationGuidelines for Hazard Evaluation Proceduy&$
Ed.or an appropriate equivalent resource to develop the guidacogporate the guidance intioe appropriate
CenovusSuperior RefineryHA procedural documents and policies

2018-02-1-WI-R6

Developand implemenan FCC unit operatpsupervisor, and manageaining pogramb ased on t he | i
guidance and on available industry guidance. Elenwdrtwe trainingorogramshallinclude:

a) A setofwritten trainingmat er i al s (such as a manual) consi st el
information, encompassing:
i) FCC equipment;
i) Normal operations;
iii) Transient operations (including startup, shutdown, staratiy emergency); and
iv) Case studies of industry FCC industry incidents, including ExxonMobil Torrance (2015) and this
incident and

b) Training delivery methods including:
i) Group and individual training; and
i) Simulator training for board operators.

201802-1-WI-R7

Incorporate lessons learned from this incident into the appropriate training materialsGentwisSuperior
Refinery Emergency Response Team. At a minimum, topics shall include the proper response to liquids
potentiallystored above tlieflash point, such as asphalt, and the ignition risk of pyrophoric material inside
asphalt storage tanks.

To Cenovus Energy

2018-02-1-WI-R8

For all Cenovus operated refineries with FCC unigsietbp and implemersin FCC unitspecificPHA guidance
documeatas part ok a ¢ h F CdahgoinghAHAupdate/revalidationycle including the Cenovus Superior
Refinery The PHA guidance document should be updated with new industry knowledge as it becomes available
(for example, from AFPMCCPSand API). The®?HA guidance documerghould includea requirement to
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review available licensor and industry guidance for FCC unit PHA scenarios and recommended safeguards and
at a minimum, include information related to transient operation safeguards listed in CSB Recoiamendat
201802-1-WI-R1.

2018-02-1-WI-R9

Develop and implement a technolegpecific knowledgesharing network program across all Cenovperated
refineries, which at a minimum includes an FCC technology peer network. The peer network(s) must include
engineers, operations management, and operations staff from each site that uses the technology, including the
Cenovus Superior Refinery. The network(s) must meet at least annually to discuss process safety topics in the
technology including:

a) Relevant inciénts and neamisses at the refineries and/or in industry;

b) Refinery learnings in implementing process safety improvements;

¢) Relevant industry tools, bulletins, and knowledtparing documents, such as those published by
AFPM, CCPS, and API; and

d) Relevant updtes to industry publications and standards.

201802-1-WI-R10

I nclude and maintain the FCC technology I|icensorso
packages for all FCC units, including the FCC uni€ahovusSuperior Refinery.

To U.S. Ocupational Safety and Health Administration (OSHA)

2018-02-1-WI-R11

Develop guidance documents for performing process hazard analysis on operating procedures to address
transient operation hazards in facilities with Process Safety Management¢B\gvhd processes.

To U.S. Environmental Protection Agency (EPA)

2018-02-1-WI-R12

Develop a program that prioritizes and emphasizes inspections of FCC units in refineries that operate HF
alkylation units(forexampleunder EPAG®&s Nat i diveadled Ramunipd RisksmfcAeciddntali t i a
Releases at Industrial and Chemical Faciliti@és part of this program, verify FCC unit safeguafus prevent
explosiors during transient operation (including startup, shutdown, standby, and emergency prycétares

minimum the program will verify the following specific safeguards:

a) Implementation of the reactor steam barrier, or a similar inert gas flow, to maintain an inert barrier at an
elevated pressure between the main column (contamyidigopcarbon) and the regenerator (containing
air);

b) Purging the main column with a n@endensable gas as needed to prevent a dangerous accumulation of
oxygen in the main column overhead receiver;

¢) Monitoringto ensure that there issafficient noncondenshble gas purge of the main column to prevent
a dangerous accumulation of oxygen in the main colowenheadeceiver(either through direct
measurement of the oxygen concentration and/or through engineering calgulation
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d) Monitoring of critical operating pameters for flows, pressures, pressure differences, and catalyst
levels;

e) Documentation of ansequences of deviating from the transient operation safe operating parameters and
of predetermined corrective actiomsid

f) Inclusion of the above items in the appriate FCC operator training curricula.

This recommendation is in addition to tleeommendation® EPA relating to hydrofluoric acid outlined in the
CsSB6és report on the 2019 fire and explhthailiemontee at t he
CSB recommendefd) that the EPA prioritize inspections of refinery HF alkylation units to ensure units are
complying with APl good praate guidance, (2) to require petroleum refineries with HF alkylation units to

evaluate inherently safer technology, and (3) to initiate prioritization and, as applicable, risk evaluation of HF
under the Toxic Substances Control Act.

To American Petroleum|nstitute (API)

2018-02-1-WI-R13

Usi ng AP lesiocsdetgrmiree the apgropriate safety product, develop a publicly available technical
publication for the safe operation of fluid catalytic cracking (FCC) units. The document should be applicable to
both rew and existing units. Include the following topics at a minimum:

a) Description of typical FCC unit hazards, including air leaks into hydrocarbon systems or hydrocarbon
leaks into air systems that could form a flammable mixture during transient operatiturp(st
shutdown, standby, and the actions required to transition between these mhoeesled, include
differences between possible reactor/regenerator configurations;

b) Recommended practices for safeguards to control FCC unit hazards;

¢) Recommended monitioig for process safety during FCC unit transient operations;

d) Recommended emergency operating procedures fordp€€ific scenarios;

e) PHA guidance for key FCGpecific scenarios, including transient operation;

f) Recommended FCGE€pecific field and boardperator process safety training topics and methods;

g) Guidelines for process safegsessmentsf FCC units;and

h) Incorporate lessons learned fréinis CSB investigatioand theC S B BxgonMobil Torrance Refinery
Electrostatic Precipitatdexplosioninvestgationthroughout the document and include references in the
document 6s bibliography.

201802-1-WI-R14

Modify the appropriate existing recommended practice (for example, API RIR&BBery Valves and

Accessories for Control and Safety Instrumented Byste include information about the purpose, design,
maintenance, and testing of additional FCC catalyst slide valve components, including the slide valve body. If
an API product other than API RB®%is modified, APl RP 53 should guide the reader to thaference.

2018-02-1-WI-R15

Incorporate lessons learned from the FCC Unit Explosion and Asphalt Huslag Superior Refinerincident
into the appropriate API products (for example, APl RP 2G28de for Safe Storage and Handling of Heated
PetroleumDerived Asphalt Products and Crude Oil ResidoiAPI RP 2021Management of Atmospheric
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Storage Tank Firgs At a minimum, topics shall includge flammability of heatethaterial such assphalt and
the ignition risk of pyrophoric material inside asjtsibrage tankdnclude a reference to this CSB
investigation in the documentos bibliography.

To Honeywell UOP(Universal Oil Products, UOP)

2018-02-1-WI-R16

Participate in the API committee that develapschnical publicatiorior the safe operation of FCC units.
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1 Background

1.1 Husky Energy

HuskyEner gy | n ¢foundedirHl938)as/ad integrated energy company headquartered in Calgary,
Alberta[1]. It had two core businesseft) the Integratedorridor, which includel Upstream and Downstream
operations in Western Canada and the United Statel$2) Offshore production in the Asia Pacific and
Atlantic Canada Regiori8]. Thecompany marketdand distributd a range of petroleushased products,
including crude oil, natural gas, gasoline, diesel, jet fuel, asphalt, lubricants, and ancillary g&jducts

The I ntegrated Corridor business produced heavy oi l
refined them intanarketablp r oduct s at the companyds Downst[dheam as
5]. Huskyd Bownstream business included three refineries in the United States: Lima, Ohio; Superior,

Wisconsin; and Toledo, Oh{6]. Husky ha a 50 percent ownership of the Blusky Toledo refinerythrough a

joint venturewith BP p.l.c. [7]. Husky Marketing and Supply Company (HMSC), based in Qinaghtand

soldthe petroleumproductsproduced by affiliates and purchased from third paf8gs

Cenovus Energy In€. A C e n pavQargadian oil and natural gas compamgtged withtHusky Energyon
January 1, 2021. Husky was amalgamated into Cermvi¥archl, 2021 [8, 9, 10] In addition to the Lima,
Superior, and Toledefineries,Cenovus haa 50 percenstake intwo additional U.S. refineries in Roxana,
lllinois and Borger, Texathrough a joint ventureith Phillips 66[7].

1.2 Husky Superior Refinery

Husky Superior Refinergnow called Cenaws Superior Refinerypuilt in 1950[11], is the only refinery in
Wisconsin and processes up to 50,000 barrels per day of criii2]olt employsabout200 workers and

allowed Husky to service the U.S. Midwest market with its products including asphalt, gasoline, anfll8iesel
14]. Murphy Oil Corporation ownethe Superior Refineryrom 1958 until its sale to Calumet Specialty

Products Paners L L P ( AIC2011[A%n &6 Hu3kyd s s u bSupedor Refining Comparny$RQ ,)
acquiredthe Superior Refineryrom Calumet on November 8, 2017, 170 days before the April 26, 2018 incident
[17].

The Superior Refinerpperated under multiple owners throughout its history. Calumet desariaddtter to
theU.S. Chemical Safety and Hazard Investigation BOa®iBB0 )ts previous relationship with the refinery:

During the timethat Calumet owned Calumet Superior, LLC, the vast majority

of policies and standards addressing process safety [...] were maintained at the
local Superior level by the plant management team of Calumet Superior, LLC,
not Calumet Specialty. Murphy Oil, wdti owned the refinery before Calumet

(as well as all of the prior owners of the refinery), took a similar, local approach
to such policies and procedures. As a result, the refsmgegific policies and
procedures were consistently and continuously maietaby local leadership
since 1958. These policies and procedures were part of the Calumet Superior,
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LLC books and records which transferred, along with the entire workforce, to
Husky upon the sale.

When Huskyp s s u BRCbdughdtite Buperior Refineryn 2017, it brought into the refinelfu s ky 6 s

policies, which included corporate standards for coc
corporate standard document s, AHuskyb6s Opfdda ati onal
framework for identifying hazards and estabthéeshing

Huskyand Cenovus mergeCenovuseportedapplyinga similar operatioal excellerte management system
across its organization, referringit@s Cenovus Operations Integrity Management System (COIMS)in a 3
quarter 2021 corporate presentatid®, p. 7]Jand on its website in 20229].

Wisconsin is under feder@lccupational Saty and Health Administratiéné @SHAO )urisdiction, which
means thaCenovus Superior Refinefformerly known as Husky Superior Refinergsubject to federal
OSHA regulations including the Process Safety Manage(fie&ivid) Standard20].2 CenovusSuperior
Refineryis also regulatednderE PA 6 s Ri s k Pla(iRBIRD)eRole n t

1.3 Surrounding Area

Husky Superior Refinerig located in the city of Superior, Wisconsin, which covers 45 square miles and has a
population of over 27,00[21]. Superior shares a harbor wibuluth > Minnesota and both cities form a single
metropolitan area calledehTwin Port422] (Figure 2).

429 C.F.R.§1910.119
b buluth has a population of about 87,J@00].
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Figure2. Aerial image of Superior, Wisconsin. (Credit: Google Mdéisannotationsby CSB)

While Husky Superior Refinerig surrounded primarily by industrial facilities, there are some residences, a golf
course, and an airport within approximately one mile of the refilrégure 3 shows the census blockgithin
approximately three miles éfusky Superior Refineryrable 1 summarizes the demographic information of the
population residing within thiabeled blocksThere are more than 18,000 people residing in more than 8,500
housing units, approximately twthirds of which are single units, within three miledHoisky Superior

Refinery In general, the population in the area is predominantly whitke, 22 percent of the population below

the poverty levelAppendix C contains further demographic information for each census block.
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Figure3. Census blocks in an approximately thrade distance fromHusky
Superior Refinery(Source: Census Repor{28] with annotations by CSB)
Tablel. Summarized demographic data for the populations watthie census blocks
shown inFigure3. (Source: Census Repor{2B])
Number
. Raceand Per Capita % of , .
Population Ethnicity Income Poverty | Housing Types of Housing Units
Units
White 90% Single Unit 66%
Black 1% Multi-Unit 31%
Native 1% Mobile Home 3%
i 0 0
18.625 Asian 1% $ 27.738 12% 8.538 Boat, RV, Van, etc. 0%
Islander 0%
Other 0%
Two+ 1%
Hispanic 2%
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1.4 Fluid Catalytic Cracking (FCC) Unit

The explosion atlusky Superior Refinerg c cur red in the refi MRCCOYudiIsTheé | ui d
FCC unit converts heavy, lewalue hydrocarbons into lightdrigh-value products such as gasoline and diesel

usinga chemical rea@n.? The chemical reaction thiteakdarge hydrocarbon molecules into smaller

molecules is called a cracking react[@d, p. 120]

FCC teclmology uses a powddike catalyst that behaves like a liquid whersit aer at ed, Figure Af | ui
4) [24, pp. 1, 233, 25, p. 5Catalyst continually circulates between a reactor, where it interfaces with flammable
hydrocarbons, and a regenerator, wfasesathigh@mperatmresby pr «
in the presence of aiFigure 5 shows the catalyst circulation loop with blue arr¢@8&, p. 5] During normal

operation, the only thing that separates the mixing of flammable hydrocarbons from the air within the

regeneratois a tightly controlled pressure balance that enables a continual catalyst circulation between the

reactor andheregeneator[24, p. 245]

Figure4. Left: FCC catalysRight:A bubbling fluidized bed. (Credj26], [27])°

21n a typical refinery, the crudenit separates crude oil into various products by boiling ranges. Transportation fuels, such as gasoline
and diesel, have lower boiling points than heavier material such adggasd residuum. Typical FCC feed is called gas oil. In addition
to gasolineand diesel, the FCC produces olefinic gases such as propylene and butylene, which are building blocks for alkylate, a high
octane gasoline component, and/or other petrochemicals. Refptamszet hei r FCC wuni t sd opeproductimon t o n
goals[29, pp. 1, 164165, 28, pp. 1.

® This short videalemonstrates the fluid behavior of the aerated catalyst
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Figure5. Simplified process flow diagram ldfisky Superior Refineya C/ / dzy AdG® 6/ NBRA

The cracking reaction takes place inside the reactor(Rggure 6) [25, p. 5] After the reactor separates the
catalyst from the products,dlhydrocarbon produatapor continues to the main colunihe main column and
gas conentration unif{ i G a s €epanate the hydrocarbons coming out of the reactor into various product
streams. The explosion occurred in the gas concentration unit.

1.4.1 Reactor and Regenerator

Husky Superior Refinerljcenses its FCC technology from Honeywell UQ@Riversal Oil Productsj UOP 0 ) .

Husky Superior Refineys F C @esignedn 1960, uss UOP&6s st acked design techn
the reactor vessel is on top of the regenef@®rp. 210] SeeFigure 6 for Husky Superior Refineys r eact or
and regenerator configuratiohhe reactor is depicted in blue, and the regenerator is depicted in pgurples
showcatalyst, hydrocarbon, air, asteamflow pathsfor normal operationApproximatecatalyst operating

levels are shown in yellow.

27




Investigation Report

/Reactor

| ~Stripper

Riser

_-Regenerator

Spent Catalyst
Slide Valve

Regenerated Catalyst
Slide Valve

Legend:
—> Catalyst
weeeedp- Hydrocarbon
wesse~ Air and Flue Gas
wessedlt- Steam
Approximate Catalyst
Operating Levels

Figure6. Husky Superior Refineya a i O1 SR C// NBIF OG2Nk NB3ISYy SNI
configurationshowing flow pathsluring normal operation(Credit: CSB)

During normal operation, liquid hydrocarbon feed enters the bottom of the riser, a tall vertical pipe where the

liquid vaporizes as it contacts hot catalyst. The hydrocarbon cracks into smaller molecules whitewviithow
the catalysto the top of the riser over about two seconds. Cyclones separate the vapors from the catalyst at the
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top of the reactor. Vapor reactor products flow into the main column for further processing, while the catalyst

collects atthe bottomf t he reactor, called the stripper. Il nsi d
hydrocarbon products from the catalystods surface. (
less active due to coKearbonrich solid méaerial) deposits that accumulate bnh e ¢ asturfade dusirig the

reaction. Before returning to the reactor, t hese ¢

The spent catalyst slide valve, located beneath the stripper, contriglgghef catalyst inside the reactor by
adjustingcatalyst flowinto the regenerator. In the regeneraair supplied from the@tmosphere through an air

blower fluidizes the catalyst and provides the oxygen to burn the coke off the catalyst at300dot 1350

degrees Fahrenheit. Air and combustion products, called flue gas, are routed to the atmosphere. The regenerated
catalyst slide valve controls the flow of hot catalyst back into the riser, where steam or process gas conveys the
catalyst up the rex to repeat the cycle. The unit operates in a tightly controlled pressure balance where the
catalyst loops continually throughout the systeniven bydifferential pressurbetween the regenerator and

reactor vesselR9, p. 39, 25, p. 8]

A differential pressur e irnesatcrtuome ndti fnieearseunrteisa |t hper efisrse
difference between the pressure inside the regenerator and the pressure inside the reactor, measured at the top o
each vessg(Figure 8). During normal operatiojusky Superior Refinelys r egener at or oper at
pressure than the reactor, meaning that tgerreratoreactor differential pressure is a positive value (greater

than zero), similar to FCC units in other refinefié3, p. 11]°

The flue gas system downstream of the regenerator cools down and removes partattéatieom the gas
before it is routed to atmosphekusky Superior Refineryses an electrostatic precipitatdSR)“ to remove
flue gas particulate matter.

1.4.2 Catalyst Slide Valves

Slide valves are a typical feature of most FCC unit deg@hs. 444, 25, p. 8[They are gateype valvedhat

open and close by sliding a disc across an orffitgure 7) [32, p. 1354]JAccor ding t o UOPO&s FC
General Operating Manual, the primary purpose of the FCC spent and regenerated catalyst slide valves is to
control catalysflow. FCC catalyst slide valve components need to move freely, allowing for thermal expansion

at high temperatures; therefore, their design requires clearancaliawafor a certain amount of leakagaven

when they are brand new and fully clo$g8, pp. 57, 34, p. 10, 35, p. 12T he locations ofome of the

clearances, typically around 0.04 to 0.06 inches wide, are indicated in yellow dashedHRigesdarY [33, p. 6,

30, p. 12]

8Husky Superior Refineys FCC unit had a main air blower and an auxiliary
b During normal operation, process control instrumentatipically contrds flow, temperature, pressure, and catalyst levels in FCC
unitsto maintainstable, continuous operation. A board operator typically monitors the process continually and intervenes §9needed
p. 40]
¢ Multiple FCC tehnology licensors indicated to the CSB that they also typically design for the regenerator to operate at a higher
pressure than the reactor during normal operation.
4 TheESPis a pollution control device that removes catalyst particles using chargestipéitproduce sparBspotential ignition
sourced as catalyst passes througjiring normal operatiof29, p. 289, 83, p. 4]
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Catalyst Flow Direction

1
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Sliding Disc
Figure?. Catalyst slide valvekeft: Side viewRight:View from the downstream
sidelooking up (Credit: TapcoEnpi86] [37] with CSBannotationg

UOP provides design specifications, including standards for slide valves, in its basic engineering design
packagesAccording to UORepresentativesomec o mpani es devel op their own st
specifications.

Refineries typically use differential pressurem st r ument s t o esti mate the fl uioc
becaise FCC catalyst exerts a hydraulic presssimilar to a liquid, when fluidize@0, pp. 8, 13, 24, pp. 154

160].2 SeeFigure 8 for the instrumentthatHusky Superior Refinergperators used to estimate catalyst

locations with example catalyst levels depicted in yellGe reactor level instrument measured the press

difference across the fluidized catalyst layer and displayed the catalyst height in Tiehesactor level

instrument could detect catalyst levels if they weare than 45 feet above thpent catalystlide valve and

the typical catalyst operatirievel fell withinthee n st r u me n traége dudng hoentaltopecation

aWhen FCC catalyst is not fluidized, it does not exert hydraulic pressure; it behaves as a solid like fB@ gar® 29, p. 154]
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Figure8. Husky Superior Refinelyd C/ / NBI OG2NJ RAFFSNBYGALFE LINBa
instruments(person for scale)Credit: CSB)

At the bottom of the spewatalyst standpipe, the slide valve differential pressure instrument reported the

pressure differenceal so known as the fApressure drop, 0O[2% pr es st
pp. 155159]) acrosghe spent catalyst slide valve. Tdh&erential pressuracross both slide valves was

positive during normal operatidg9, pp. 155, 245]Thelevel of fluidized catalyst above the slide valves













































































































































































































































































































































































































































































































